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COMPARATIVE EVALUATION DATA ON THE VASCULARIZATION 
OF THE WALLS OF THE PULMONARY TRUNK 
AND AORTA IN THE DOG
V. Vankov, G. Gyurov, M. Madjarova
The comparative investigation on the \ ascularization of the walls of 
the pulmonary trunk and the aorta is essential insofar a better understanding 
of the foundamental regularities governing the vascularization of the vas­
cular wall is concerned. Reference is made to a comparative study between 
two arterial vessels of approximately equal caliber, in the lumina of which 
blood runs with different oxygen content: venous blood in pulmonary trunk, 
and arterial blood — in the aorta. Hence, the investigation on the degree of 
vascularization of these two vessels could cast some light upon the signi­
ficance of the blood running in the lumen, assumed as a factor influencing 
the vascularization of the vascular wall.
The literature data relevant to the pulmonary trunk’s own vessels are 
scarce as compared to the aorta. The data reported by Robertson (11), Conti
(8) and Sabin (12) concern merely adventitial vessels. The problem of the 
degree of vascularization of the wall is likewise insufficiently studied. Win- 
ternitz and assoc. (14) state that insofar the degree of vascularization of the 
wall is concerned, the pulmonary trunk occupies an intermediate position 
between arteries and veins, without submitting concrete data and evidence 
in support of their conclusion. Krylova (5) in the course of comparative stu­
dies on the pulmonary artery, aorta, v. cava superior and other larger ves­
sels, reaches the conclusion that the intensity of the blood supply in the walls 
of the listed vessels, established by counting the arterial branches joining them, 
depends on the structure of the corresponding wall, and not upon the nature 
of the blood running in the lumen. Linzbach (10) points out with no evidence 
whatsoever, that similar to the veins, the wall of the pulmonary trunk is 
vascularized as far deep as the intima. Clarke (6a), after separately carried 
out injections of the arterial and venous portion of the proper vessels, finds 
that the wall of the pulmonary artery in humans contains arterial vessels 
in the outer third of the media, and venous vessels — in the middle third, 
with the internal part of media and intima being avascular. On the basis 
of the data presented it appears evident that investigations on the depth 
of penetration of intramural vessels of the pulmonary trunk wall with com­
plete demonstration of the capillary network, as well as investigations on 
the density of the latter have not been performed.
The data on the degree of vascularization of the aortic wall deal merely 
with the depth of penetration of intramural vessels. While older publica­
tions are contradictory, the reports of a great number of modern authori-
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ties, based on investigations of humans or animals, show that the adventi­
tia and a certain part of the media are vascularized (16, 11, 14, 13, 9, 15, 
1, 7). The contribution made by Robertson (11) are distinguished with cer­
tain amount of accuracy; he proves that the external half of the wall of the 
human aorta is vascularized. The same holds true with Woerner (15) who 
demonstrates the vascularization of the outer two thirds of the wall in the 
dog as well as in the human aorta. Vankov and assoc. (1) established that 
the vascularization of the aortic wall is directly proportional to its thickness,
i. e. the greater the thickness of the wall of the aorta, the more vascularized 
it is. From the literature survey it becomes obvious that specific informations 
on the degree of vascularization of the wall of the pulmonary trunk, obtained 
after demonstration of the capillary bed are not available. The data on 
the vascularization of the aortic wall either do not specify the depth of pe­
netration into the media, or display certain differences, a circumstance 
explained with the fact that in varying thickness of the media, the vascu­
larized portion of the same is likewise variable. None of the authors report 
findings pertinent to the density of the vessels in the media.
It is obvious that the literature data referred to do not clarify in the 
least the problem posed by us. Hence, we set ourselves the task to carry out 
comparative and simultaneous studies on the degree of vascularization of 
the walls of the pulmonary trunk and aorta in the dog, under conditions of 
complete demonstration of intramural vascular, respectively capillary sy­
stems. Besides the deepness of penetration of the intramural vessels into the 
media, exemplified by the absolute and relative dimensions of the vascu­
larized and avascular layers of the latter, the density of the vessels in the 
vascularized layers is likewise considered as an index for the degree of vas­
cularization. The technical difficulties encountered in the course of accom­
plishing the task undertaken should be stressed. The latter is illustrated by 
the doubtfulness expressed by Clarke as to the possibility for complete de­
monstration of the intramural capillary system, for according to his opi­
nion, based on personally studied preparations and observations reported 
by others, the presence is invariably established of blindly ending capillaries. 
In this respect, we could point out with certain satisfaction that the method 
applied by our research team definitely proved the possibility of complete 
demonstration of the intramural capillary network, illustrated by the pho­
tograph enclosed (Fig. 1 and 2).
Material and Method
Our experience is based on the study of preparations from 12 dogs, six 
adult and six in the period of growth (3 in the first month of life and 3 — 
aged 2 to 4 months). The intramural vessels are demonstrated by means of 
injecting them with Indian ink — gelatin contrast medium, under particular 
conditions of preparing the medium and carrying out the injection. The 
latter is effected through the common carotid artery and in addition, through 
the ascendent aorta in contrary direction to the blood stream. In choosing 
the site of injection the literature reports were previously considered, re­
ferring to the sources of blood supply to the wall of the pulmonary trunk 
and aorta in man and in animals. For the purposes of investigation, merely
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the sectors were utilized with complete demonstration of the intramural 
system, accordingly verified on total cleared preparations, and thereupon 
histological specimens were prepared from the latter, stained with hemato- 
xylin-eosin and orcein.
Results
The proper \essels of the walls of the pulmonary trunk and aorta are 
distributed into the adventitia and various parts of the media. The adven­
titial vessels form a plexus, composed of arterioles and venules of varying 
caliber and comparatively minute capillaries. The vessels of the media are 
supplied by the adventitial arterioles and empty into the adventitial ve­
nules.
The pulmonary trunk and the aorta exhibit various degrees of vascula­
rization of the w all. Likewise many authors, with the term „vascular w all“, 
used in the description of the data obtained, merely the media and intima
Fig. I. Va'cular network of the pulmo­
nary trunk of adult dog. 
Microphotograph: ob. 4 oc. 8
Fig. 2. Vascular network of the media of 
the aorta in adult dog. 
Microphotograph: ob. 4 oc. 8
will be indicated, being the transition between them gradual and a sharp 
distinction between each other impossible. The differences between the 
pulmonary trunk and the aorta are constant, but their absolute manifesta­
tion depends on the age of the animal.
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On total cleared preparations it is established that in all irstances, the 
intramural vessels, situated in the media, are substantially more numerous 
in the pulmonary trunk as compared to the aorta. The structure of th^ in­
tramural vascular system in the pulmonary trunk exhibits variations condi-
Fig. 3. Cross section of the pulmonary 
trunk wall in a dog in tile middle of 
the first month of life.
The mnst deeply situated vessels are indicated. 
Microphotograph: ob. 5 oc 10
Fig 4 Cross action  through the wall 
of the pulmonary trunk in adult dog. 
The most deeply situated capillaries are 
indicated.
Microphotograph: ob. 5 oc. 10
tioried by the degree of vascularization, which, on its behalf is dependent on 
the thickness of the sector studied and the age of the animal. In instances 
of comparatively poor vascularization, it is represented by single capillary 
loops or vascular beads, with branches endirg in capillary loops. An almost 
continuous layer of capillary network is noted with rather strongly mani­
fested vascularization (Fig. 1). In the wall of the aorta, respectively in its 
ascendent portion and arch, constituting the object of our jn\esligatiOH, 
invariably and regardless of certain differences in the degree of vascula­
rization, capillary loops are observed or vascular beads ending w'ith such 
loops, of substantially reduced density (Fig. 2).
The thickness of the pulmonary trunk wall in all cases is lesser than 
that observed in the first sections of the aorta. Also, it is interesting to 
knowr that along with alteration in the thickness of the wall in the circumfe­
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rence of the vessel, the thickness of the vascularized layer is accordingly 
altered.
In the younger dogs investigated, the avascular layer involves by rule 
more than half of its total thickness, the borderline with the vascularized
Fig. 5. Cross section of aorta of adult dog.
The most deeply situated capillaries arc indicated. Microphotograph: ob. 5 oc. 10
layer being found at variable level in the outer half (Fig. 3). In adult dogs, 
the avascular layer is extended up to the middle of the wall, occasionally 
being thinner and involving merely its inner quarter (Fig. 4); whereas in 
other — hicker, occupying also part of its external half. In the aorta of young 
and adult dogs the border between the avascular and vascularized layers 
is located somewhere in the middle of the wall with certain deviation in 
either direction (Fig. 5). Single capillaries, which have virtually no signi­
ficance, are absent at this level. In all the objects investigated, the absolute 
thickness of the avascular layer of the wall of the pulmonary trunk is consi­
derably lesser as compared to the aorta, approximately with one half to 
one fourth. Thus, for instance, the avascular layer of the pulmonary trunk 
wall in an adult dog exhibits a thickness amounting to 330—440 microns, 
whereas in the aortic wall — from 660 to 790microns. In a second dog these 
figures are 550—700 microns for the pulmonary trunk, and about 800 mi­
crons of the aorta. Identical proportions are marked in the younger dogs.
The density of the capillary network in the vascularized layer of the 
wall in all instances in considerably greater in the pulmonary trunk as com­
pared to the aorta. In one square millimeter cross section of the vasculari­
zed layer in the pulmonary trunk, 2—5 fold more numerous capillaries are 
found than in the aorta. Furthermore, the absolute values of the density of 
the intramural vessels reveal pronounced differences in the animals of 
different ages. In one square millimeter cross section from the vascularized
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layer of the pulmonary trunk wall in individuals in the first month of life 
94—130 vessels are counted, from 2 to 4 months of age — 45 to 87 vessels 
and in the adult — 16—34 vessels. In 1 mm2/square millimeter cross section 
from the vascularized layer of the aortic wall 23—36 vessels are counted in 
individuals in the first month of life, in the 2—4 months group — 15—24 
vessels and in adults — 5—14 vessels. This is an indication that in individuals 
in the first month of age 4—5 times more vessels are counted per unit area 
than in the adult, in the pulmonary trunk and in the wall of the aorta as well.
Discussion
The data obtained show a great difference between the degree of vascu­
larization of the walls of the pulmonary trunk and aorta in the dog. The 
density of the vessels in the vascularized layer of the wall is substantially 
higher in the pulmonary trunk, counting 2—5 times more vessels per unit 
surface of cross section of the wall. Insofar this particular feature is concer­
ned, the pulmonary trunk greatly resembles the venous vessels, whose in­
tramural network is largely denser than that of arteries. Moreover, it is 
very interesting to note that the structure of the intramural system in both 
vessels investigated displays a difference, and in adequately demonstrated 
vascularization of the pulmonary trunk wall, it is represented by a capillary 
network. In this respect it resembles rather strongly the intramural vascular 
bed of the venous wall with musculature developed in some degree, proved 
in varying number of veins in the dog (2, 3, 4). An other fact is likewise worth 
of special attention, namely, that while the ration between avascular and 
vascular layers in the walls of the pulmonary trunk and aorta is approxi­
mately equal, the absolute thickness of the avascular layer is substantially 
smaller in the pulmonary trunk as compared to the aorta. Our results are 
not comparable to those obtained from the literature survey on account of 
the fact of being the only, based on investigations of the vascularization 
degree with full demonstration of all parts of the intramural system, and the 
capillary bed in particular, accounting not merely for the depth of pene­
tration but for the density of intramural vessels as well. The results publi­
shed by Clarke (6, 7) refer to intramural arterioles and venules solely, whe­
reas the statements by Winternitz (14) and Linzbach (10) are merely sugge­
stions, not being supported by specific evidence whatsoever. The substantially 
more strongly manifested vascularization of the pulmonary trunk walls 
could be assumed as a compensatory response to the rather limited partici­
pation of the blood flowing in the lumen in the nourishment of the wall. 
This is due to the unfavourable content of the blood, which in as much oxy­
gen content is concerned does not differ from that running in the venous 
vessels. Futhermore, the ultrafiltration through the endothelium should be 
likewise lowered, in compliance to lower blood pressure; the former parallely 
to osmosis appears to be one of the chief supplying mechanisms of the wall. 
The differences in the tissue composition of the wall, respectively the media 
of the pulmonary trunk and aorta, should also be beared in mind. The dif­
ferentiation of the smooth muscle cells from connective tissue cells has no 
particular bearing insofar we do not dispose of definitive data on the func­
tional activity and requirements of the two types of cells. Regardless of the
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statement just made, considering the analogous structure of the two vessels 
investigated (elastic type), it is assumed that the differences in the tissue 
content could not be so great so as to provide for an explanation of the dif­
ferences established in the vascularization degree. All these facts justify the 
conclusion that the main cause for the differences encountered in the degree 
of vascularization of the wall of the pulmonary trunk and aorta is different 
supply derived from the blood running in them. Also it is interesting to 
note that the vascularization of the walls of both vessels studied is much 
more pronounced in newborns (first month of life) than in adults: 4—5 times 
more capillaries are observed per unit surface in the former. Ample age 
differences of the same nature are established by Vankov in the course of 
studying the vascularization of the walls of the femoral vein and greater 
saphenous vein in the man. Our data demonstrate that regularities are con­
cerned, valid not merely for the venous vessels in the human, but for arte­
rial vessels and for other animal species as well.
Brief Inferences
The results of the investigations carried out, prove that:
1. The relationship of the thicknesses of the avascular and vascularized 
layers of the wall is almost equal for the pulmonary trunk and the aorta, 
the absolute thickness of the avascular layer of the wall being considerably 
lower (with 1 4 to 1 2) in the pulmonary trunk as compared to the aorta.
2. The density of the vessels in the vascularized layer of the wall is sub­
stantially higher in the pulmonary trunk, counting from 2 to 5 times more 
vessels per unit surface of cross section.
3. The lesser thickness of the avascular layer and the greater density оГ 
the vessels in the wall of the pulmonary trunk is explained as a compensa­
tion for the rather restricted participation of the flowing through the lumen 
of the vessel blood in the supply of the wall, due to the lower oxygen content 
and lower blood pressure, conditioning a weaker filtration through the 
endothelium of the wrall.
4. The density of the vessels in the vascularized layer of the wall of the 
pulmonary trunk and the aorta as well, reveals considerable age differences. 
Four to five times more vessels per unit surface from a cross section are 
observed in new'borns (first month of life) as compared to adults. This pheno­
menon might be explained with the intensification of growth processes after 
birth.
R E F E R E N C E S
1. Б а н к о в ,  В., Г. Г ю p o в, M. М а д ж а р о в а .  Върху васкуларизацията
на аортната стена у куче. — Годишни научни трудове на ВМ И  — Варна, т. IV, 
св. I. 1965.
2. Б а н к о в ,  В., 3. Н а н о в. Върху васкуларизацията на стената на задната
куха вена у куче. — Годишни научни трудове на ВМ И  — Варна, т. IV, св. I, 
1965.
3. В а н к о в, В., М. X р и с т о в а. Върху васкуларизацията на стената на порт-
ната вена и нейните главни притоци у куче. — Годишни научни трудове на 
ВМИ  — Варна, т. IV, св. I, 1965.
44 V. Vankov, G. Gyurov, M. Madjarova 8
4. Б а н к о в ,  В., В. Р а д е в а .  За васкуларизацията на стените на магистралните
вени на шията и главата у куче. — Експериментална морфология и медицина, 
кн. 4, 1965.
5. К р и л о в а, Н. Ф. Кровоснабжение сосудов малого круга кровообращения
и некоторнх венознмх стволов туловища и шеи. Дисс., Ленинград, 1947.
6. С 1 a r k е, J . A. An X-ray microscopic study of the vasa vasorum of normal human
pulmonary trunk. — Acta Anatomica, Basel, vol. 61, No. 1, 1965, p. 6—14.
7. C 1 a r k e, J . A. An X-ray microscopic study of the vasa vasorum of the normal
human ascending aorta. — Brit. Heart J ., 27, 99—104, 1965.
S. C o n t i, G. Particularity strutturali dei vasi vasorum della vena cava superiore e 
dell’aorta ascendente dell’uomo. — Bolletino della societa italiana di biologia 
sperimentale, Napoli, 1947, 23/4, 339—341.
9. G e i r i n g е r, E. Intimal vascularization and atheromatosis. — J . Path, and Bad.,
63, 201, 1951.
10. L i n z b a c h. Arteriosclerosis — Cardiology, vol. 1, ed. by Aldo A. Luisiada, New
York, Toronto, London, 1959.
СРАВНИТЕЛЬНМЕ ДАННБ1Е 0 ВАСКУЛЯРИЗАЦИИ CTEHOK 
ЛЕГОЧНОГО СТВОЛА И АОРТЬ! У СОБАКИ
В. Ванков. Г. Гюров, М. Маджарова
Р Е З ЮМ Е
Сообщаются сравнительнне данние, касающиеся васкуляризации сте- 
нок легочного ствола и аорти у собаки, полученние при исследовании 
12 животних разното возраста. Били использовани тотальньге просвет- 
ленние и гистологические препарати из стенок исследованнмх сосудов с 
доказанной полной инъекцией внутристеночних артериол, капилляров и 
венул. Полученние данние показьтают, что существуют значительнне 
различия в васкуляризации стенок легочного ствола и аорти. Соотноше- 
ние между толщиной аваскулярного и васкуляризованного слоев стенки 
почти одинаково для легочного ствола и аорти, причем абсолютная 
толща аваскулярного слоя стенки легочного ствола значительно меньше 
(на 1 4 до 1/2), в сравнение с аортой. Густота сосудов в васкуляризованном 
слое стенки значительно больше в легочном стволе, где на единицу пло­
щади поперечного среза насчитьшается от 2 до 5 раз больше сосудов. 
Меньшая толща аваскулярного слоя и большая густота сосудов в стенке 
легочного ствола объясняется как компенсация меньшего участия проте- 
кающей через просвет сосуда крови в орошении стенки, ввиду меньшего 
содержания кислорода и более низкото кровяного давления, обусловли- 
вающего более слабую фильтрацию через зндотелий стенки. Густота 
сосудов в васкуляризованном слое стенки, как легочного ствола, так и 
аорти, показивает значительние возрастовие различия. На единицу 
площади поперечного среза у новорожденних (I-месячних) наблюдается в 
4 —5 раз больше сосудиков, в сравнение с взрослими животньши. Зтот 
факт может бить объяснен интенсивним ростом после рождения.
